We propose and demonstrate spin manipulation by magnetically controlled modulation of pure spin currents in cobalt/copper lateral spin valves, fabricated on top of the magnetic insulator Y 3 Fe 5 O 12 (YIG). The direction of the YIG magnetization can be controlled by a small magnetic field. We observe a clear modulation of the non-local resistance as a function of the orientation of the YIG magnetization with respect to the polarization of the spin current. Such a modulation can only be explained by assuming a finite spin-mixing conductance at the Cu/YIG interface, as it follows from the solution of the spin-diffusion equation. These results open a new path towards the development of spin logics.
Spintronics is a rapidly growing field that aims at using and manipulating not only the charge, but also the spin of the electron, which could lead to faster data processing speed, nonvolatility and lower electrical power consumption as compared to conventional electronics [1] . Sophisticated applications such as hard-disk read heads and magnetic random access memory (MRAM) have been introduced in the last two decades.
Further progress could be achieved with pure spin currents, which are an essential ingredient in an envisioned spin-only circuit that would integrate logics and memory [2] . The most basic unit in such a concept is the spin analog to the transistor, in which the manipulation of pure spin currents is crucial. The original proposal by Datta and Das [3] , which is also applicable to pure spin currents [4] , suggested a spin manipulation that would arise from the spin precession due to the spin-orbit interaction modulated by an electric field (Rashba coupling). However, a fundamental limitation appears here, because the best materials for spin transport are those showing the lowest spin-orbit interaction and, therefore, there has been no success in electrically manipulating the spins and propagating them at the same environment, with few exceptions [4] .
Alternative ways to control pure spin currents are thus desirable. One could take advantage of the spinmixing conductance concept [5, 6] at nonmagnetic metal (NM)/ferromagnetic insulator (FMI) interfaces, which governs the interaction between the spin currents present at the NM and the magnetization of the FMI. This concept is at the basis of new spin-dependent phenomena, including spin pumping [6] [7] [8] [9] [10] [11] [12] , spin Seebeck effect [6, 13] , and spin Hall magnetoresistance (SMR) [6, [14] [15] [16] [17] [18] . In these cases, a NM with large spin-orbit coupling is required to convert the involved spin currents into charge currents via the inverse Spin Hall effect [19] .
In this Rapid Communication, we demonstrate an alternative way of modulating pure spin currents based on magnetic, instead of electric, gating. To that end, we use lateral spin valves (LSVs). These devices allow an electrical injection and detection of pure spin currents in a NM channel by using ferromagnetic (FM) electrodes in a nonlocal configuration [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . The LSVs have been fabricated on top of a FMI, in order to enable the magnetic gating of the pure spin currents. The basic idea is depicted in Fig. 1 : when the spin polarization (s) has the same direction as the magnetization (M) of the FMI, the spin current reaching the detector will not vary with respect to the case where no FMI is used [ Fig. 1(a) ]. However, when s and M are noncollinear, part of the spin current will be absorbed by M via spin-transfer torque [30] [31] [32] , leading to maximum spin absorption for perpemdicular M and s [ Fig. 1(b) ]. By using LSVs, we are able to extract the spinmixing conductance of NM/FMI interfaces in the absence of charge currents, which otherwise could lead to spurious effects, as suggested by some authors [33, 34] . Furthermore, the use of NM metals with low atomic number, employed in LSVs, rules out spin-orbit interaction effects that might exist for other systems, such as Pt/YIG [35] .
We chose Y 3 Fe 5 O 12 (YIG) [36] as a magnetic gate because it is ferromagnetically soft and has a negligible magnetic anisotropy. M as a function of the applied in-plane magnetic field (H) measured by a vibrating sample magnetometer (VSM) saturates at ∼ 100 Oe [ Fig. 2(a) ], allowing control of M above this field. Cobalt (Co)/copper (Cu) LSVs were fabricated on top of YIG by two-step electron-beam lithography, ultrahigh-vacuum evaporation, and a lift-off process [ Fig.  2(b) ] [37] . Ar-ion milling was performed prior to the Cu deposition in order to remove resist leftovers [37] . To overcome the low spin injection of Co when using transparent interfaces [21] [22] [23] , an oxide layer was created at the Co/Cu interface by letting Co oxidize after milling and before Cu deposition. The presence of an interface resistance, estimated to be R I ≥ 5 Ω, is known to enhance the spin injection efficiency [24, 25] . The LSVs were bridged by the same Cu channel, with thickness t ∼ 100 nm, width w ∼ 200 nm, and different edge-to-edge distances (L) between the FM electrodes [37] .
All measurements were performed using a "dc reversal" technique [27] in a liquid-He cryostat with an applied magnetic field H at a temperature of 150 K. The sample can be rotated in plane in order to change the direction of H, which is given by the angle α defined in Fig. 2(b) . The nonlocal voltage V NL measured at the detector, normalized to the injected current I, is defined as the nonlocal resistance R NL = V NL /I [ Fig. 2(b) shows a measurement scheme]. First, in order to check the standard performance of the LSV, the direction of H was fixed parallel to the FM electrodes (α = 0 • ) and its value was swept from positive to negative, and vice versa, while R NL was measured. This is plotted in Fig. 2(c) , where R NL changes from positive to negative when the relative magnetization of the FM electrodes changes from parallel (P) to antiparallel (AP) by sweeping H. This measurement is an unambiguous demonstration that a pure spin current is transported along the Cu channel [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . It is worth noting that the relative magnetization of the Co electrodes changes at H ≥ 400 Oe, far above the saturation field of YIG (∼ 100 Oe). This detail is important for the performance of the next measurement, which consists in measuring R NL while fixing the value of H and sweeping α. As shown in Fig. 2(d) , this was done for both the P and AP configurations of the Co electrodes, which can be chosen with the proper magnetic field history. In this case, H was fixed to 250 Oe [see the dots in Fig. 2(c) ], which is large enough to control M of YIG but not to rotate the magnetization of the Co electrodes, as confirmed by magnetooptic Kerr effect (MOKE) microscopy [37, 38] . As intended, Fig. 2(d) shows a clear modulation of the measured R NL (i.e., a modulation of the spin current) when M of YIG is rotated in plane, clearly demonstrating a direct magnetic gating to a pure spin current. The reflection symmetry between the P and AP modulations again rules out the possibility of a relative tilting between the magnetization of Co electrodes [39] . In addition, the measurements were repeated in a control sample, fabricated on a SiO2 substrate, in order to exclude any other possible artifacts [37] .
The total change in R NL , caused by the spin absorption at the Cu/YIG interface, is defined as the nonlocal modulation Fig. 3 ). This figure contains the same data from Fig. 2(d) , although, for the sake of clarity, P and AP configurations are plotted separately. In this case, for an L of 1.6 µm, δ R NL has a magnitude of ∼ 0.025 mΩ. We can define the factor β = δ R NL /R NL (α = 0 • ) as an analog of a magnetoresistance, which gives a measure of the efficiency of the magnetic gating. Here, β = 8.33% is obtained for the LSV with L = 1.6 µm, whereas β = 2.96% for L = 570 nm, showing that longer channels provide more efficient modulations.
In order to quantify the observed modulation of R NL , we solve the spin-diffusion equation [20, 21, 24] in the NM channel,
where µ s is the spin accumulation at the NM metal and the vector refers to the spin-polarization direction. λ is the spindiffusion length of the NM and λ m = Dh 2µ B |B| is the magnetic length determined by the amplitude of the magnetic field Bn (n is the unit vector giving its direction). The last term in Eq. 1 describes the well-known spin precession due to the applied field [40, 41] . B is proportional to H and, for Cu, we can approximate B ∼ µ 0 H. D is the electronic diffusion constant of the NM, and µ B is the Bohr magneton. Assuming t λ , we can integrate Eq. 1 in the z direction and use the BrataasNazarov-Bauer boundary condition at the NM/FMI interface [5] . From the solution one can obtain an expression for the nonlocal resistance at the FM detector that reads [37, 42, 43] 
which is only valid in the high interface resistance limit, i.e., if R I R N . P I is the spin polarization of the FM/NM interface at both the FM injector and detector, R N = ρλ /wt is the spin resistance of the NM, and ρ is its electrical resistivity. The length λ 1 is defined as where G r is the real part of the spin-mixing conductance per unit area [5] of the FMI/NM interface. We have disregarded the imaginary part of the spin-mixing conductance in accordance with Refs. [14, 32] . Notice that for α = 0 • , the R NL for the case without FMI [24, 28, 29] is recovered:
• we obtain a similar expression for R NL as in the α = 0 • case, but with a reduced spindiffusion length Re(λ 1 ):
λ e −L/λ 1 . Equation 3 shows that two quantities renormalize the spin-diffusion length: the spin-mixing conductance by means of the real term 2ρG r λ 2 /t, and the imaginary Hanle term i(λ /λ m ) 2 originating from the applied field. While the former leads to a reduction of λ due to the torque exerted by the NM/FMI interface to the spins [30, 32] , the latter causes, in addition, the precession of the spins when s and H are noncollinear [40] .
At a first glance, one might think that the Hanle term could be enough to explain the observed modulation of R NL as a function of α. However, as shown in Fig. 3 , a field of 250 Oe in the absence of G r leads to a modulation of R NL (blue dashed line) which is one order of magnitude smaller than the measured one. This is experimentally confirmed in the control sample performed on top of SiO 2 [37] . Increasing H would eventually lead to a Hanle effect of the same order as the G r effect. Nevertheless, our experiment is limited to low magnetic fields (H < 400 Oe), to avoid the magnetization of the Co electrodes being affected by the direction of H, and thus the Hanle term will not be dominant.
Considering both the G r and Hanle terms, Eq. 2 accurately fits the measured R NL (Fig. 3) , reproducing the observed modulation of the spin current. Note also that Eq. 2 reproduces the reflection symmetry between the P and AP configurations, because the product P 2 I has opposite sign for each configuration. The fact that the modulation is observed in a pure spin current in a metal such as Cu excludes any proximity effect as the ori-gin of the modulation [33, 34] , confirming the validity of the G r concept.
There are two fitting parameters: P I and G r , whereas w, t and L are known geometrical parameters, and ρ (2.1 µΩcm) and λ (522 nm) are obtained from resistance measurements and R NL measurements as a function of L [37] .
From the fitting for the LSV with L = 1.6 µm (Fig. 3 ), we obtained P I = 0.128 ± 0.001 and G r = (4.28 ± 0.06) × 10 11 Ω −1 m −2 for the P state [ Fig. 3 (a)], and P I = 0.129 ± 0.001 and G r = (5.63 ± 0.07) × 10 11 Ω −1 m −2 for the AP state [ Fig. (b) ], which are almost identical for both magnetic configurations. Therefore, the value of G r obtained for this particular L is (4.96 ± 0.68) × 10 11 Ω −1 m −2 . The same fitting was performed for the LSV with L = 570 nm, where it was also possible to measure R NL as a function of α, obtaining P I = 0.123 ± 0.001 and G r = (2.82 ± 0.66) × 10 11 Ω −1 m −2 . Since G r is extracted separately for each device, this transfers the unavoidable device-to-device dispersion (spin transport is very sensitive to any minor defect) into the value of G r . The difference, which is less than a factor of 2, can thus be considered to be small, taking into account that, in order to observe a relevant variation in β , a much larger change in G r is needed [ Fig. 4 (c)]. Whereas P I is within the range reported in similar systems [22, 28, 29] , G r is substantially smaller than the values obtained for Pt/YIG (ranging from 1.2 × 10 12 to 6.2 × 10 14 [16] , and Au/YIG (between 3.5 × 10 13 and 1.9 × 10 14 Ω −1 m −2 ) [10, 11] either by SMR or spin pumping experiments.
There is a possibility of underestimating G r if the assumption for Eq. 2, R I R N , is not fulfilled. For β ∼ 8%, G r would increase by a factor of ∼ 2, to ∼ 8 × 10 11 Ω −1 m −2 , by considering transparent interfaces [37] , which is still low compared to other NM/YIG interfaces. Another possible reason for the low G r value could be the Ar-ion milling performed before the Cu deposition [12] or the YIG surface quality. We rule this out by performing a control experiment in Pt/YIG where we obtain G r = 3.34 × 10 13 Ω −1 m −2 from SMR measurements [37, 44, 45] . Particularities of the grain structure and the growth condition of the evaporated Cu on YIG could also lead to an effective reduction of G r at the interface. Alternatively, the spin-orbit interaction effects that might exist for Pt/YIG, Au/YIG or Ta/YIG [35] could lead to an overestimation of the obtained G r in these systems. Such effects are unlikely in Cu/YIG. It is worth noting that the G r of a NM/YIG interface, for a NM with a negligible spin-orbit coupling, was not experimentally measured before due to the need of the inverse Spin Hall effect (and thus a high spin-orbit coupling metal) in the experiments made so far [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
Finally, a representation of β , based on Eq. 2, is plotted in Fig. 4 as a function of different parameters (L, t and G r ) which can be controlled in order to improve the efficiency of the magnetic gating. The values of the different parameters used for the representation are listed in the caption and correspond to realistic values taken from our devices. β increases linearly with the length (L) between the FM electrodes, reaching ∼ 30% for L = 5 µm [ Fig. 4(a) ]. When the spin current flows over a longer distance, the spin scattering and absorption caused by the NM/FMI interface will be enhanced (i.e., β will be larger). This is in agreement with our experimental results discussed above. However, there is an experimental limit, since the nonlocal signal decays exponentially and will be negligible when L λ [23, 26] . By decreasing the thickness (t) of the Cu channel, β increases asymptotically when t approaches 0 [ Fig. 4(b) ]. In this case, by decreasing t, the relative contribution of the NM/FMI interface to the spinflip scattering processes increases, enhancing β . For instance, when t ∼ 20 nm, β already increases to ∼ 50%. However, the decrease of λ with t [26] , which has not been taken into account for the representation, will lower β . The most effective way of improving β seems to be increasing G r [ Fig. 4(c) ]. By increasing it by two orders of magnitude, i.e., for a G r of the order that Pt/YIG systems have, β reaches almost up to a 100%, which would lead to a perfect magnetic gating of the pure spin currents. This seems feasible by improving the interface between Cu and YIG or by using another NM material with a high spin-mixing interface conductance with YIG.
To conclude, we present an approach to control and manipulate spins in a solid state device, by means of a magnetic gating of pure spin currents in Co/Cu LSV devices on top of YIG. A modulation of the pure spin current is observed as a function of the relative orientation between the magnetization of the FMI and the polarization of the spin current. Such modulation is explained by solving the spin-diffusion equation and considering the spin-mixing conductance at the NM/FMI interface. The accuracy between the measured data and the expected modulation provides an effective way of studying the NM/FMI interface. From our results, a spin-mixing conductance of G r ∼ 4 × 10 11 Ω −1 m −2 is obtained for the Cu/YIG interface. An increase of this value will enhance the efficiency of the magnetic gating. This can be achieved by carefully tuning the fabrication parameters. Our experiment paves the way for different manners of spin manipulation, bringing closer pure spin currents and logic circuits.
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S1. Experimental details
Lateral spin valves (LSVs) were fabricated by a two-step electron-beam lithography, ultra-high-vacuum evaporation and liftoff process (see Fig. 2(b) from the main text for a SEM image of the device). Since yttrium iron garnet (YIG) on gadolinium gallium garnet (GGG) is an insulating substrate, a thin gold (Au) layer of 2.5 nm was sputtered on top of the PMMA resist before each lithography step. This prevents the charging of the substrate during the e-beam exposure, which otherwise would distort the pattern. After the e-beam exposure and before developing the patterned resist, the Au layer was removed with Au etchant. In the first lithography step, FM electrodes were patterned and cobalt (Co) was electron-beam evaporated with a base pressure ≤ 1 × 10 −9 mbar. In the second lithography step, the NM channel was patterned and copper (Cu) was thermally evaporated with a base pressure ≤ 1 × 10 −9 mbar. Ar-ion milling was performed prior to the Cu deposition in order to remove resist left-overs; the parameters used for the Ar-ion milling are an Ar flow of 15 standard cubic centimeters per minute, an acceleration voltage of 50 V, a beam current of 50 mA, and a beam voltage of 300 V for 30 s, as described in Ref. [1] . To overcome the low spin injection of Co when using transparent interfaces [1, 2] , an oxide layer was created at the Co/Cu interface by letting the Co oxidize after the milling and before the Cu deposition. The presence of an interface resistance is known to enhance the spin injection efficiency [3] . An interface resistance R I ≥ 5 Ω is estimated in this case. Both Co electrodes have a thickness of 35 nm and different widths (115 nm and 175 nm) to obtain different switching fields by means of shape anisotropy. Three LSVs were fabricated, bridged by the same Cu wire (of width w ∼ 200 nm and thickness t ∼ 100 nm) with edge-to-edge distances between the Co electrodes of L = 250 nm, 570 nm and 1600 nm.
Such configuration allows the measurement of the four-point resistance R of the wire as a function of L (where the electrodes belong to the same LSV or to two contiguous LSVs). By performing a linear fitting of R as a function of L (see lower inset in Fig. S1 ) and knowing the dimensions of the Cu wire, it is straightforward to obtain its electrical resistivity, which has the value of ρ = 2.1 µΩcm at a temperature of 150 K.
The non-local resistance R NL = V NL /I, i.e. the non-local voltage V measured at the detector normalized to the value of the injected current I, is measured as a function of the applied magnetic field H for the three LSVs. Note that the LSV with L = 250 nm broke after measuring R NL as a function of H at α = 0 • and, for this reason, the results of the R NL measurement as a function of α are not included in the main text. R NL changes from positive to negative when the relative magnetization of the FM electrodes changes from parallel (P) to antiparallel (AP) by sweeping H (see upper inset of Fig. S1 ). The difference between positive and negative R NL is defined as the spin signal (∆R NL ), which, for LSVs with a high interface resistance, can be expressed as [3] [4] [5] [6] :
where P I is the spin polarization of the Co/Cu interface, R N = ρλ /wt is the spin resistance of Cu and λ is the spin diffusion length of Cu. Figure S1 shows the measured ∆R NL as a function of L (black squares), which is fitted to Eq. (S1) (red solid line) in order to obtain P I and λ . The obtained values at 150 K are P I = 0.18 ± 0.01 and λ = 522 ± 25 nm. Even though P I is within the range of values that are observed in literature in similar systems [2, [4] [5] [6] [7] , it is slightly higher than the P I values obtained in the main text for the fitting of Eq. 2. This is due to the dispersion of the interface quality between different LSVs. The device with L = 250 nm has a higher P I , which enhances the averaged P I obtained from the fitting of Eq. (S1). The value obtained for λ is similar but slightly lower than our previous values obtained in Py/Cu LSVs on top of Si/SiO 2 measured at 150 K (λ = 680 ± 15 nm) [1] . This could be due to the different growth of Cu on top of YIG as compared to SiO 2 . 
S2. Control experiment: MOKE measurements to rule out magnetization rotation in Co electrodes
A tilting of the magnetization direction in the Co electrodes during the measurement of R NL as a function of the angle α between the Co electrodes (y direction, see Fig. 1 from the main text) and the direction of the applied magnetic field H, could in principle be invoked to explain the observed modulation of R NL with α because R NL ∝ cos θ , where θ (α) is the relative angle between the magnetizations of both electrodes. This tilting could be caused by the torque exerted directly by the applied magnetic field or/and by a coupling between the Co electrodes and the YIG substrate. A modulation of ∼ 8%, such as the observed one, could correspond to θ ∼ 23 • . Even if the reflection symmetry between the R NL modulation observed in the parallel and anti-parallel magnetization states of the Co electrodes is sufficient to rule out such explanation (as stated in the main text), to further exclude a magnetization rotation of the electrodes, MOKE microscopy measurements were performed at room temperature directly on the same sample used for the magnetic gating experiment. The capability of our MOKE microscope to measure the field induced magnetization reorientation of ultra-small ferromagnetic nanostructures was demonstrated earlier [8] . The MOKE measurements were performed on top of the widest electrode, which is the one whose magnetization can rotate more easily due to shape anisotropy. Figure S2 shows hysteresis loops of the Co electrode (red circles) and of the YIG (black squares), i.e. the projection of the magnetization in the y direction, M y , is measured as a function of the magnetic field applied in the y direction, H y , and normalized to the saturation magnetization, M s . In both cases,the MOKE signal was acquired from a subset of the pixels of the CCD detector that corresponds to an area on the sample surface equal to 100 × 800 nm 2 [8] . The coercive field of the Co electrode is 500 Oe, in agreement with the R NL measurements as a function of H shown in Fig. 1(c) from the main text. For the YIG substrate, magnetic saturation around 100 Oe is observed, in agreement with the VSM measurements shown in Fig 1(a) from the main text.
To check for a possible rotation of the magnetization of the Co electrode, its M y /M s was measured while the direction of the magnetic field H, which had a fixed intensity of 250 Oe, was rotated by α varied from 0 to 360 • . Figure S3 shows M y /M s of the Co electrode and the YIG substrate. Whereas the magnetization of YIG coherently rotates with the direction of H (M y /M s ∝ cos α), given that H is largely exceeding the saturation field of YIG, the magnetization of the Co electrode is constant for every α. Based on the signal-to-noise ratio of our measurements, the smallest detectable change in M y /M s corresponds to a rotation of M s of less than 5 • . Therefore, from our measurements, we can directly conclude that the rotation of the Co magnetization, if any, is less than 5 • , which could only explain a variation of less than 0.4% in R NL , well below the experimentally observed ∼8% . 
S3. Control experiment: Non-local resistance measurements on top of a silicon oxide substrate
Even though a possible rotation of the FM electrodes, which could explain a variation in the non-local resistance as the one we observe, was excluded with the previous control experiment (section S2), an additional control experiment was performed in order to rule out any other possible artifact. With this purpose, the main experiment was repeated in a LSV fabricated on top of SiO 2 instead of YIG. Fig S4(b) shows R NL measured at 150 K, applying a magnetic field of 250 Oe, as a function of α for both the parallel (P) and antiparallel (AP) magnetizations of the FM electrodes in a LSV with L = 750 nm. Apparently, no periodic modulation of R NL is observed. However, by taking a closer view (Figs. S4(c) and S4(d) ), one can guess a periodic modulation of the order of the noise, which behaves as the one observed in the main experiment, including a reflection symmetry between the P and AP case. The observed modulation corresponds to a ∼ 1%, which is the estimated value for the Hanle effect at this L, and is certainly smaller than the β = 2.96% and β = 8.33% observed in the main experiment for L = 570 nm and L = 1.6 µm, respectively. This confirms experimentally that, for these values of L and H, the Hanle contribution is much smaller than the modulation due to spin-mixing conductance, and also excludes any other possible artifact. 
S4. Control experiment: Spin Hall magnetoresistance measurements in a Pt/YIG sample
In order to see if the low G r value obtained for Cu/YIG interfaces originates from the quality of the YIG substrate or from any effect that might be induced at the YIG substrate for the Ar-ion milling process (see section S1), we fabricated a Pt/YIG control sample and tested it within the Spin Hall magnetoresistance (SMR) framework. The SMR arises from the simultaneous effect of the spin Hall effect and the inverse spin Hall effect in the Pt layer in combination with the interaction of the generated spin current with the magnetization of the YIG surface. Depending on the relative orientation between the spin polarization vector and the direction of the magnetic moment of the YIG surface, the spin current might be absorbed via spin-transfer torque resulting in a modulation of the resistance of the Pt layer, which is fundamentally related to the spin-mixing conductance G r of the Pt/YIG interface [9, 10] .
With this purpose, a 7-nm-thick Pt Hall bar (with a width W = 100 µm and a length L = 800 µm) was sputtered on top of a YIG substrate grown as the one used for the fabrication of the LSV. Prior to the Pt deposition, the YIG surface was subjected to the same Ar-ion milling process (see section S1). Angular dependent magnetoresistance (ADMR) measurements were performed by rotating a fixed H along the three main rotation planes of the system: XY, YZ and XZ, with the corresponding angles α, β and γ. A large enough H is applied to ensure the magnetization of the YIG substrate follows the direction of the applied magnetic field. The resistance was measured using both longitudinal (R L ) and transverse (R T ) configurations. Figure S5(a) shows a sketch of the resulting device with the definition of the axes and the transverse configuration. As expected from the SMR theory [9, 10] :
and R L (β ), with the same amplitude and a cos 2 dependence, and (iii) R T (α) shows a sin α · cos α dependence, with the same amplitude as in R L (α) but with a L/W factor. As illustrative example, the transverse resistance R T (α) obtained for H = 1 kOe and 150 K is plotted in Fig. S5(b) . According to the SMR theory, the amplitude of the observed magnetoresistance is related to the microscopic properties of the Pt layer by [9, 10] :
where θ SH is the spin Hall angle, λ is the spin diffusion length, ρ is the electrical resistivity, t is the thickness of the Pt and G r is the real part of the spin-mixing conductance per unit area of the Pt/YIG interface. In our case, with a measured longitudinal resistance of R L = 281.5 Ω at 150 K, one can determine ρ = 24.7 µΩ cm and the SMR signal ∆ρ/ρ = 5.48 × 10 −5 . Knowing the values of θ SH and λ in Pt, one can extract the G r value of the Pt/YIG interface using Eq. S2. These values cannot be inferred from our measurements, but can be obtained from literature. Despite there is a big dispersion of the given values for θ SH and λ [9, 11, 12] , we will use the ones recently reported in Ref. [12] (θ SH = 0.056 and λ = 3.4 nm), since they are highly consistent within different methods used to determine them. A G r = 3.4 × 10 13 Ω −1 m −2 is thus obtained for our Pt/YIG interface, which is in agreement with the previously reported range of values [9, [13] [14] [15] [16] [17] [18] . We can take this result as a proof of the good quality of the YIG substrates used in the present experiments and as an indication that the Ar-ion milling process in the LSV experiment is not at the origin of the low G r obtained.
S5. Theory
In order to model the experimental results, we consider the geometry shown in Fig. 1 from the main text. It consists of a normal (NM) layer, Cu in our case, deposited on top of a ferromagnetic insulator (FMI), YIG in this case. At x = 0 there is a ferromagnetic (FM) electrode, Co in our case, that injects a charge current I that flows in x < 0 direction. Coming from a FM, this current induces a spin accumulation µ a s (a denotes the spin polarization direction) in the NM layer. In the absence of spin-orbit coupling, a spin current density in the NM j a k (k denotes the flow direction) is then originated by the gradient of the spin accumulation µ a
where ρ is the electrical resistivity of the NM and e the absolute value of the electron charge. In a normal metal, the mean free path l is smaller than other characteristic lengths, and therefore the spin accumulation is determined by the Bloch equation with an added diffusion term [19, 20] , which, in the steady state, has the simple form:
Here µ s = (µ x s , µ y s , µ z s ), λ denotes the spin diffusion length which is related to the diffusion coefficient D and the spin-flip relaxation time τ s f by λ = Dτ s f , and λ m = Dh/2µ B B is the magnetic length determined by the amplitude of the applied magnetic field Bn (n is a unit vector along the magnetic field direction). Alternatively, Eq. (S4) can be derived from the Keldysh Green's function formalism [21, 22] . In the case of an intrinsic spin-orbit coupling, due to an inversion asymmetry, Eqs. (S3-S4) have the same form if one substitutes the gradient by a SU(2) covariant derivative [21] . In the case of extrinsic spin-orbit coupling, due to random impurities, these equations acquire some extra terms [22] . However, spin-orbit effects are negligible in accordance in our NM, Cu.
We assume that the system is invariant in y direction and therefore the spin accumulation only depends on x and z: µ s (x, z). In order to solve the diffusion equation (S4) for the spin accumulation one needs proper boundary conditions. At the upper interface of the NM with the vacuum the spin current should vanish:
where t is the thickness of the NM. We are assuming z = 0 at the NM/FMI interface, and z = t at the NM/vacuum interface. At the interface with the FMI we use the Brataas-Nazarov-Bauer boundary condition [23] :
wherem is a unit vector along the magnetization of the FMI, and G mix = G r + iG i is the the complex spin-mixing interface conductance per unit area [23] . In the experiment the thickness t of the NM layer is smaller than the characteristic scale of variation of µ s (≈ λ ) and therefore we can integrate Eq. (S4) over z assuming that µ s does not depend on z. By performing this integration and using Eqs. (S5-S6) we obtain the following (1D) equation for µ s :
where we have considered an in-plane magnetization of the FMI,m = (sin α, cos α, 0), and defined λ −2 r = 2ρG r /t and λ −2 i = 2ρG i /t. The latter term acts as an effective magnetic field parallel to the magnetization of the FMI which is assumed to be parallel to the applied magnetic field. Equation (S7) describes the spatial dependence of the spin accumulation in a thin FM layer in contact with a FMI. It consists of three coupled linear second order differential equations. In order to solve it we have to write the boundary conditions corresponding to the experimental situation: at x = 0 an electric current I is injected. This induces at x = 0 a spin current equal to P I I, where P I is the spin polarization of the FM/Cu interface. At a distance L from the injection point there is a detector. The spin accumulation and its derivative are continuous in the NM layer. The boundary conditions for µ s (x) at the injector and detector are obtained from the spin current continuity and read:
where the spin current at both sides of the FM injector (detector) is considered. R N = ρλ /wt is defined as the spin resistance, where w is the width of the NM channel. The FM injector is polarized in y direction (whose unit vector isŷ) due to shape anisotropy, and, thus, the injected spin current as well. In order to obtain the boundary conditions Eqs. (S8-S9), a high interface resistance (R I ) was considered at the interfaces between the NM and the FM injector (x = 0) and between the NM and the FM detector (x = L) [3] , i.e. R I R N . If R I is of the order of R N , a spin current that might flow back into the FM electrodes [20, 24] has to be taken into account.
In the case considered above, it is rather straightforward to solve Eq. (S7) with the conditions Eqs. (S8-S9), in order to obtain the spin accumulation in all three spin polarization directions:
where the characteristic length in the second exponential is defined as
with γ = γ r + iγ i , γ r = λ 2 /λ 2 r and γ i = λ 2 (1/λ 2 m + 1/λ 2 i ). It is interesting to note that, even if the injected spin current is polarized in the y direction, a spin accumulation is created with the spins polarized in the x direction, due to both the torque exerted by M at the NM/FMI interface and the spin precession caused by the magnetic field perpendicular to the spin polarization, and in the z direction only due to the spin precession caused by the magnetic field perpendicular to the spin polarization.
Since the magnetization of the injector and detector are in y direction, only µ y s can be detected at x = L. From Eq. (S11) we can determine the non-local resistance (R NL ) defined in terms of the non-local voltage V NL measured at the detector [3, 24] :
where we assume that the polarization at the detector contact is the same as at the injector. By inserting Eq. (S11) into this last expression we finally obtain
It follows that, in the absence of the spin-mixing conductance and if the magnetic field is in the x direction (i.e. α = 90 • ), the expression is identical to the one obtained in Ref. [20] in which the Hanle effect was studied. Eq. (S15) is a general expression that describes the non-local resistance in the NM/FMI structure and takes into account both the effect of the external applied field and the spin-mixing conductance describing the magnetic interactions at the interface. We have fitted our measurements of the R NL (α) dependence with Eq. (S15) by neglecting the imaginary part of the spin-mixing conductance which, according to first-principle calculations [25] and our discussion below, seems to be a good approximation. As we can see in Fig. 3 from the main text, the effect of the applied field on the R NL (α) modulation is small in comparison to the one induced by G r . This demonstrates that the modulation observed can only be explained by the effect of the spin-mixing conductance. According to our estimations, G r ≈ 4 × 10 11 Ω −1 m −2 . This value is in principle smaller than the value reported in previous works [9, 13-18, 26, 27] . This discrepancy is discussed in the main text. The experimental results shown in the main text have been obtained for an applied magnetic field of 250 Oe. Measurements have been performed also at 350 Oe with almost identical results (see Fig. S6 ). From theory, the difference in R NL for these two fields is of the order of the measurement noise and, thus, not detectable in principle. For such values, (λ /λ m ) 2 1. But also (λ /λ r ) 2 (and presumably also (λ /λ i ) 2 ) are very small according to our estimation of G r . For a G r ≈ 4 × 10 11 Ω −1 m −2 , and with the parameters of the used LSVs, (λ /λ r ) 2 = 0.037 is obtained. Therefore, one can go analytically one step further by treating the parameter γ in Eq. (S13) perturbatively.
Instead of focusing in R NL let us analyze the amplitude of the effect when varying α (the field direction), as shown in Fig.  2(b) in the main text. We introduce the dimensionless parameter β defined as
In the limit γ 1 we obtain up to lowest order in γ β ≈ γ r 2
while the lowest correction in γ i is of second order and therefore negligible in this approach. If we insert here the value for G r ≈ 4 × 10 11 Ω −1 m −2 , we obtain an amplitude of the effect β ≈ 9.3% (β ≈ 4.8%) for the LSV with L = 1600 nm (L = 570 nm), which is in good agreement with the experimentally obtained ones.
As explained above, all the previous results have been obtained assuming the high R I limit (R I R N ). However, if one allows for an arbitrary value of R I /R N , one should take into account the possible back flow of spin current in Eqs. (S8-S9). An expression for R NL with arbitrary R I in a perpendicular magnetic field (without FMI) has been presented in Ref. [20] . In such a case only the lengths λ and λ m enter in Eq. (S7). After inspection of the latter equation, it turns out that the general expression for R NL derived in Ref. [20] is also valid in the presence of the FMI layer, if one substitutes the magnetic length by λ 1 of Eq. (S13). This result can be used to determine the parameter β using Eq. (S16). In Fig. S7 we show the dependence of β as a function of G r in both the R I R N and R I = 0 cases. We see that for the value obtained from our measurements (β ≈ 8%) G r is slightly larger (by a factor of ∼ 2) in the transparent case. We can conclude from this that the actual value of G r lies between 4 × 10 11 Ω −1 m −2 and 8 × 10 11 Ω −1 m −2 .
It is also worth noticing that, according to Fig. S7 , in the hypothetical case that G r is of the order of 10 13 − 10 14 Ω −1 m −2 a full modulation (β = 100%) can be achieved. This means that R NL can be switched between a finite value and 0 by switching the field from α = 0 • to α = 90 • , respectively.
